(3) diagnosis is frequently overlooked because acute pancreatitis is not considered in the differential diagnosis of obscure abdominal conditions; (4) the outstanding diagnostic features of the disease are the severity of the pain and the elevated serum amylase; (5) conservative or non-operative treatment gives the best results; (6) when the attack has subsided investigation of the biliary tract should be done and definitive surgery carried out when indicated.
[ November 5, 1952] DISCUSSION ON RECONSTRUCTIVE ARTERIAL SURGERY Mr . R. C. Brock: The subject under consideration clearly covers a large field and I shall deal with only the more modern developments, particularly the important techniques of resection and insertion of a homograft. I shall deal chiefly with the aorta and shall say nothing of the larger peripheral arteries.
The contributions of Rudolf Matas to the various forms of direct reconstructive arterial surgery are now classic. During the last few years, however, more ambitious attempts have been made at reconstructive surgery of the aorta for aneurysm, culminating in the recent splendid work of Bahnsen of Baltimore and Cooley and De Bakey of Houston. Alexander and Byron (1944) were the first to resect an aneurysm of the thoracic aorta; this occurred in association with an aortic coarctation in a young student. Unfortunately they were unable to bridge the resultant gap and had to be content with simple closure of the ends of the aorta. There was thus no reconstruction and it is not surprising that the patient later succumbed to the hypertensive features of his disease. Monod and Meyer in 1950 were more successful in the case of a young woman aged 20 who had a saccular aneurysm of the aortic arch; they were able to remove it and to control the neck of the sac by simple suture, thus restoring a normal aortic lumen.
In this Society and before this Section, at the recent Halsted Memorial Celebrations, Alfred Blalock described 4 dramatic cases operated on by his junior colleague, Henry Bahnsen, who was successful in excising the sac and reconstructing the aortic wall in 4 cases of syphilitic aneurysm. Cooley and De Bakey (1952) have recently described their own experiences in 6 cases of large saccular aneurysm of the aorta, in which they have employed a similar procedure. In none of these cases was the diseased aorta actually resected; continuity was not disturbed, the aneurysmal sac alone being removed.
Complete resection of a lesion of the aorta is only feasible if aortic continuity can be restored; otherwise the sinister effects of aortic obstruction ensue. In all but small, localized lesions, such as a simple aortic coarctation, resection results in a gap which cannot be closed by approximation of the aortic segments; some form of bridging of the gap is essential. The use of plastic tubes was reported on favourably by Hufnagel (1947) but few would champion the use of a non-animal prosthesis of this sort, now that success has been achieved by the use of aortic homografts. Indeed, the introduction of arterial grafting has completely revolutionized reconstructive arterial surgery and for this reason I shall deal entirely with this method.
In some smaller vessels venous autografts can be used with perhaps greater safety, confidence and success; but in dealing with reconstruction of the aorta, provision of a venous autograft scarcely seems practical.
ARTERIAL HOMOGRAFTING Many of the basic facts of vessel grafting were worked out by a number of investigators in the early years of this century (see Deterling et al., 1951) ; Alexis Carrel was able to record successes with homografts preserved by refrigeration in the years before the First World War. No more was, however, heard of this work until Gross of Boston and his associates Peirce et al., 1949) revived the method and developed a technique of refrigeration that has proved very successful in Following on the work of Gross, Swan and his associates (Swan et al., 1950) and Deterling et al. (1951) have also published valuable contributions. has recently reported on the experimental work at Guy's Hospital on the investigation of graft preservation by B.S.S.; Brunnen (1953) has just concluded a further series of experiments in which other methods of graft preservation have been investigated. These include formalin, sterilization by cathode-irradiation, and also deep freezingat -27°C. Eastcott (Hufnagel and Eastcott, 1952) , writing from St. Mary's Hospital, has reported on the deep-freeze method.
The use of preserved homografts has now gone beyond the stage of trial to that of achievement. Considerable success has been attained in human surgery so that we can have great confidence in the method. It is true that we do not yet know the long-term results-the ultimate fate of these cases.
Time will eventually correct this, and meanwhile we are encouraged to continue by the knowledge that the conditions we are treating by these methods would soon prove fatal without the operative interference now being accorded them. Even though unfavourable features should later arise, these patients will have gained much. While we await this longer follow-up, methods are being consolidated and expanded.
The consolidation of the technique comes from its wider and greater use in more centres throughout the country. There is an urgent need for the establishment of blood-vessel banks in all big surgical centres. The good results that can already be put forward should prove that this need is a pressing one. I would only add that, although the present methods are relatively simple and are fairly easily mastered, they deserve some care and respect. They demand the attention of someone who can devote an adequate time to their safe application and advancement.
The expansion of the technique comes from improvement of methods. The preservation of arterial segments in the balanced electrolyte solution at temperatures just above freezing point undoubtedly
gives excellent results; probably slightly better results than are given by any other technique. The method is, however, wasteful in that the material cannot be stored with safety for much more than seven to eight weeks. The difficulty of obtaining a regular, steady supply of vessels for grafting means that by this wet method it is almost impossible to form and maintain a genuine vessel bank or store;
this is a precarious position. Patients must often wait for operation until a recently preserved graft is available. The advantages of a more permanent bank are many and obvious, and the greatest present need is to find the simplest and best methods for this purpose. Deep-freeze, either at -25°to -30°C., or at -700 C., seems just now to be the favourite. Certain chemical methods, such as formalin preservation, must be considered, and doubtless others will emerge. In addition we need to perfect the taking of the graft; in particular the means of achieving absolute sterility when it has not been possible to use full aseptic precautions. The present need for aseptic methods in collecting the graft greatly limits the ready supply of material for a bank. Everyone who is dealing with cardiovascular surgical problems should acquire an organization that will enable him to have ready to hand a supply of suitable vessel homografts which may be used for the techniques that I shall now describe. I think it is best to illustrate the present achievements by a simple description of 5 cases in which aortic resection with reconstruction by homografting has been successfully used. It is perhaps worthy of comment that these 5 representative cases have all been operated upon during the last twelve months.
AORTIC COARCTATION
The accepted treatment for this condition, introduced by Crafoord and by Gross, is excision of the strictured aortic segment and restoration of continuity by direct end-to-end suture. Happily the stricture is usually short and a simple reconstruction of the aorta can be achieved in this way in a high proportion of cases. Conditions are, however, met with in which satisfactory aortic reconstruction cannot be achieved by simple end-to-end suture. Blalock's method of turning down the left subclavian artery to complete the anastomosis in difficult cases is no real answer as the hypertension is usually not relieved.
The prime object of the operation is, by cor-recting the aortic obstruction, to convert the hypertension to a normal blood pressure and thus avoid the inevitable ill-effects. Unless this is achieved the operation fails. Success depends on replacing the narrowed segment by a wide, free lumen. It is usually stated that this lumen must be at least 60% of the normal aortic lumen. In many cases it is possible to achieve this if both aortic segments are freely mobilized so that they can be brought together without tension after a sufficiently wide resection of the strictured portion has been made. This is usually easy in young children, and becomes increasingly difficult in older patients when the disproportion may be greater and the ends more difficult to mobilize.
Additional local factors may make a wide resection necessary; so wide that reconstruction of the aorta by direct suture is impossible. Swan et al. (1950) have also described an example. ,Case II.-R. G., a man aged 28, had an illness due to bacterial endocarditis and which was recognized to be associated with an aortic coarctation. The classical signs of coarctation were present and he had a hypertension of 240/120 mm.Hg. While under penicillin treatment he suffered a subarachnoid hvmorrhage. A chest radiograph showed a calcified opacity low in the posterior mediastinum, the significance of which was not appreciated at the time.
At thoracotomy in November 1948 there was no coarctation at the usual site but a large calcified aortic aneurysm was found about 5 cm. above the diaphragm; below it was a coarctation. As resection would have involved closing a long gap and as no graft was available, the operation was abandoned.
Owing to many difficulties, a longer time than was desirable elapsed before it was possible to proviJe safe grafting material, checked by laboratory experimentation. It was not till October 1951 that a suitable homograft was obtained and the patient was readmitted.
He was now aged 31 and his condition had slowly deteriorated; for one year he had been unable to work. His blood pressure was 240/160 mm.Hg and the aneurysm was slightly larger. Clearly his future was very black with an aneurysm proximal to a coarctation and exposed to a pressure of 240 mm.Hg.
A second operation was performed on November 1, 1951, just one year ago. The aneurysm was resected together with the coarctation and the long gap closed with a graft measuring 12-5 cm. (5 in.) in length ( Fig. 1 He made a good recovery from the operation and is now back at work, free from all symptoms. He has excellent and normal pulses in his lower limbs and the blood pressure is 130/80 mm.Hg. The iheat to his life from rupture of the aneurysm, from another subarachnoid hlnorrhage, from recurrence of bacterial endocarditis or from hypertensive cardiac failure seems to have been removed.
ANEURYSM
From aneurysm associated with coarctation we proceed to aneurysm without obstruction. In the presence of an obstruction a collateral circulation develops which allows safe clamping of the aorta for resection and grafting. This is especially important in the thoracic aorta when prolonged occlusion carries the risk of damage to the spinal cord. This happened in the case reported by Lam and Aram (1951) in which a syphilitic aneurysm of the thoracic aorta was resected and a homograft 14 cm.. long inserted; an attempt was made to avoid spinal cord damage by using a polythene tube while the graft was being sutured. Unluckily the patient died three months later from suppuration within the sac which had been incompletely removed. In spite of this late death Lam and Aram's case is a notable achievement.
Resection of the abdominal aorta for aneurysm does not carry the same danger of damage to the spinal cord, although many other technical difficulties arise, notably the danger to important aortic branches such as the renal arteries. I am able to report a case of successful resection ofa huge aneurysm of the abdominal aorta with restoration of continuity by insertion of a homograft extending from just below the renal arteries to the beginning of the two common iliac arteries, i.e. including the aortic bifurcation.
Case IV.-Mrs. M. S., aged 50, first noticed a pilsating swelling in her abdomen in 1948; it had steadily increased in size. It was not painful, but since an aortogram in 1951 she had had cramp-like pains in the left foot and a dull ache in the left thigh and burning in the left buttock. There was no intermittent claudication and all vessels in the lower linbs pulsated normally. Her blood pressure was 130/90 M.Hg. The Wassermann reaction was negative. There was no sign of arterial disease elsewhere in the body. At the request of Mr. Brian Truscott of Cambridge, Professor A. Kekwick at the Middlesex Hospital performed an aortogram in September 1951. This showed a large fuso-saccular aneurysm occupying much of the abdominal aorta which was kinked sharply to the left as it entered the sac. It was not possible to define the relationship of the aneurysm to the renal arteries; indeed from the upward extent of the aneurysm it seemed inevitable that they should be included in it. The urine was normal.
Mr. Truscott kindly asked me to see the patient in October 1951 and at that time I decided against operation owing to the probable involvement of the renal arteries and because of lack of experience in the reconstructive surgery of this region. However, owing to our experiences during 1952 I felt that resection should be attempted and that the aneurysm almost certainly did not involve the renal arteries in spite of the appearances. In October 1952 the aneurysm was much bigger and extended from the costal margin almost to the pubes; it was peculiarly mobile as if on a short pedicle. The aortogram was repeated in an attempt to define the distal anatomical connexions, but, in spite of two injections of Diodone, the aneurysm would not opacify although near-by small branches were well shown. Presumably it was now so large that the contrast medium was too diluted.
Operation was performed on October 25, 1952, the abdomen being first opened by a mid-line incision almost from pubes to xiphisternum. The huge, partly pedunculated, aneurysm filled much of the operative field like a gravid uterus or large ovarian cyst (Fig. 2) . Below, it involved the bifurcation, and the two common iliac arteries emerged from its antero-inferior surface. Above, it reached to the costal margin and its mass made it impossible to assess its upper connexions. It measured 20 cm. in length, 12 cm. in width and 11 5 cm. in depth.
FiG. 2.-The huge abdominal aneurysm in Case IV.
The incision was extended along the line of the 9th rib as far as the posterior axillary line; the costal margin was cut through and the diaphragm divided so as to give a free exposure of the whole of the left subphrenic region. The peritoneun was now divided in the left paracolic gutter, beginning at the pelvic brim and extending up past the spleen to the aesophageal hiatus; spleen, stomach, colon, duodenum, pancreas and the root of the mesentery of the small gut were all dissected free and displaced to the right so as to expose the whole length 0 13 Section of Surgery 119 of the aneurysm, the aorta above it, and the inferior vena cava. Only after this had been done was it possible to define the upward extent of the aneurysm. This was fortunately found to be about 3 cm. below the renal arteries. A short length of somewhat thin, but otherwise healthy, aorta lay between the renal arteries and the aneurysm. This portion was turned 90 degrees upwards and to the left and was so pressed upon by the huge aneurysmal sac in front that it was considerably obstructed. Displacement of the aneurysm with the hand increased the pulse in this part of the aorta.
The inferior vena cava was so closely applied and adherent to the sac that caval obstruction or intracaval rupture seemed to be a likely early complication.
The whole aneurysm was eventually freed and excised; continuity was restored by insertion of a homograft measuring 10 cm. and consisting of the lower part of the abdominal aorta and its bifurcation. The upper suture line lay close to the renal arteries; below, each common iliac artery was joined to the stumps of the iliac branches of the graft (Fig. 3) . The graft filled and pulsated well. Although it is still early days, the patient's condition g S~~~~~~~~~~~~~~~ FIG. 3.-The appearance after resection of the aneurysm and insertion of a graft involving the aortic bifurcation in Case IV. is perfectly satisfactory and excellent pulses can be felt in the lower limbs, the nutrition of which remains quite normal.
The homograft used was nineteen days old and had been preserved in B.S.S. In 1952 Dubost successfully operated on a similar case by resection and insertion of a homograft (Dubost et al., 1952) .
LERICHE'S SYNDROME OF INSIDIOUS THROMBOSIS OF THE AoRTIc BIFURCATION In 1940 Rene Leriche described a peculiar and typical syndrome related to thrombotic obliteration of the end of the abdominal aorta. A more recent account has been given by Leriche and Morel (1948) in which 4 cases are described. They state the syndrome has no relation to "saddle embolism", so long known, but "appears to be a disease with a long course presenting, for a long period, symptoms which may have no meaning to the physicians, unpleasant as they may be for the patient". From the scarcity of reports in the literature, it might be assumed to be rare, but now that it has been recognized a fair number of cases are appearing. The article by Leriche and Morel should be consulted for fuller information on the clinical and other features. Aortic thrombosis, although apparently well borne for years, always ends in gangrene.
Leriche recommended removal (if the thrombosed portion of the aorta and its bifurcation together with bilateral sympathectomy. It is, however, clear that the ideal treatment for the condition is resection of the thrombosed segment and reconstruction of the aorta and its bifurcation by insertion of a homograft.
I shall describe a case in which I have been able to do such an operation with success.
Case V.-Miss I. E., aged 44, was admitted to Guy's Hospital in May 1952 under the care of Dr. A. H. Douthwaite complaining of severe pains in the hips and thighs occurring chiefly with exercise, and preventing her walking more than a very short distance. About three years earlier she noticed pain in the right calf on walking; about six months after this she began to get pain in the region of the right hip, buttock and thigh of a cramplike nature. During the six months before her admission she had had pain in the left calf, buttock and thigh, much more severe than on the right. Her disability was such that she could walk only 30 yards; pain was relieved after two to three minutes' rest. Since December 1951 she had noticed coldness of the feet.
The blood pressure in the anms was 180/115 mm.Hg. The fundi were normal; apart from a short apical systolic murmur the heart was normal. There were no trophic changes in the skin of the lower limbs but no pulsation could be felt in any vessel below the level of the umbilicus, at which level the aortic pulsation ceased.
The blood pressure varied from 210/180-120/105.
An aortogram showed complete obstruction of the aorta beginning apparently at the level of the inferior mesenteric artery and extending to the bifurcation of the common iliac arteries. The Wassermann and Kahn reactions were negative. The urine contained a trace of albumin on one occasion; blood urea was 34 mg. %. Intravenous pyelogram was normal.
Dr. Douthwaite kindly referred the patient to me.
Operation was done on June 26, 1952, through a mid-line incision extending from the pubes to midway between the umbilicus and ensiform cartilage. The intestines were packed away and the aorta and two common iliacs approached directly by incising the peritoneum over them.
Both common iliac arteries were obviously solid with clot extending down to their bifurcation. The aorta felt solid right up to where it was crossed by the left renal vein. Moreover the aortic wall showed shallow extemal deformities strongly suggesting atheromatous changes. It was rigid and partly calcified. The inferior mesenteric artery was very small at its origin and was obviously thrombosed at this site.
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The external and internal iliac arteries were defined on both sides and controlled by bulldog clips. Ea6h common iliac artery was then incised about 1 cm. above its bifurcation and the distal ends of the thrombus gently teased out of the two branches. This enabled a single distal anastomosis to be used on each side. The first section of the aorta was, made about 3 cm. above the bifurcation but the vessel was found to be completely occluded with organizing clot; about 2 cm. was teased out from above but no blood flowed. A further 1 cm. of aorta was resected but still no bleeding occurred when the aortic clamp was removed. It was obvious that the thrombus extended up to the level of the renal arteries. Organized clot was removed until finally a good flow of blood was obtained. Further large organizing thrombi were expelled by the rush of blood.
The condition of the aortic stump was very unsatisfactory; the intima, which in any case was irregularly thickened and ulcerated, had been lacerated in several places and so a further 1 cm. of aortic wall was removed until reasonably good material for suture was obtained, but even at this level (just below the renal arteries), the wall was sclerotic, partly calcified and obviously bad material for suture. The specimen is shown in Fig. 4. .t~~~~~~~ '   FIG. 4. -The specimen of thrombosed aortic bifurcation and common iliac arteries excised in Case V; a homograft of the aortic bifurcation was inserted. The gap was filled with a homograft (preserved in B.S.S.) 9-5 cm. long; it was under rather more tension than seemed desirable. Suturing was very difficult owing to the atheromatous condition of the host's aorta and iliac arteries. All, however, went well and a good flow of blood occurred through the graft.
The patient made a good recovery apart from some cedema of the right leg which came on four days after operation. This was not surprising considering the common iliac veins had been firmly adherent to the thrombosed vessels. Heparin therapy was begun on July 1. Excellent femoral and peripheral pulses were felt from the beginning.
An aortogra,m was repeated just before her discharge from hospital and this shows the graft is functioning perfectly. Unfortunately, a small saccular aneurysm is shown at the level of the anastomosis between the graft and the left common iliac artery.
When she was last seen, one month ago, the feet and legs were warm and the peripheral and femoral pulses were good. She could walk 1 mile quite normally and had lost all her pre-operative pains. Her blood pressure was 210/140. In view of this established hypertension it was decided, at any rate for the present, not to do anything about the left iliac aneurysm.
It was not till after I had done this operation that I discovered that Oudot (1951) had already successfully operated on 2 similar cases by excision and insertion of a homograft. In his first case, a woman aged 51, the right common iliac artery thrombosed and needed insertion of a new graft between the iliac vessels on each side. His second patient was a man aged 52.
Comment.-These cases are long, anxious, tiring, one might even say exhausting, cases. I happen to be the actual surgeon, but I wish to point out that much pre-operative work was needed, quite apart from the hard and unstinted efforts of my assistants and colleagues during the operation and in the post-operative period. I would like to express my gratitude to them for their help and to emphasize that success demands this loyal co-operation.
I hope that, by the presentation of these 5 cases, I have proved my contention that much has been achieved in aortic resection and reconstruction by homografting, that the time has come for others to make use of the method, and that the future will bring further important developments.
It might be said that this is a very highly specialized and somewhat unprofitable form of surgery, considering the expenditure of energy and time involved. I am sure that this is not so, because apart from the advance of pure surgical methods, there is the important question of the application of reconstructive arterial surgery to gunshot wounds and other injuries of large vessels. If another war should descend upon us, there can be little doubt that there would be many patients available to receive benefit from blood-vessel grafting.
In such circumstances the existence of a blood-vessel bank organization would be invaluable and there can be no doubt that now is the time to start such an organization. This reason alone justifies and indeed calls for keen interest in reconstructive surgery and in homografting in all large surgical centres. The provision of a well-organized blood-vessel service is as necessary in its own way as the existence of a blood-tranfusion supply service. It still remains necessary even though venous autografts are so much more convenient for use in cases of injury to peripheral arteries.
One of the barriers to the formation of a large enough bank is the difficulty of obtaining a sufficient supply of material. In part this is due to prejudice although it is noteworthy that this prejudice rapidly fades before the impelling argument of living good results from successful aortic and other vessel grafting. In part also it is due to the legal problems involved. Indeed, I suppose that our present methods of obtaining material are of doubtful legality.
With the present achievements of blood-vessel grafting, scanty though they may be, and with the immensely important civil and military requirements mentioned, this position of doubtful legality and of hindrance to progress is unsatisfactory. The time has come when we should press for legislation to cover the needs of this service so important to humanity. The pressure of the evidence in its favour is as yet not large but it is there, significant enough in all its aspects, for the wise man to see and grasp. A great step forward was made when the recent legislation was passed so smoothly, sanctioning and encouraging the taking of corneme for grafting in the relief of blindness. Parliament should grant similar facilities to enable blood-vessel banks to be organized and maintained so that this country should not be lacking in peace nor unprepared in case of war.
Professor C. G. Rob: Mr. Brock has discussed the reconstructive surgery of the aorta and the common iliac arteries. I wish to concentrate on the arteries of the lower limb and in particular the treatment of senile obliterative arterial disease by artery grafting.
The anatomy of intermittent claudication and gangrene of the toes has been investigated by Boyd et al. (1949) ; he has shown that a high proportion ofpatients with either of these symptoms have a localized thrombus in a main vessel of the limb, and in my opinion two-thirds of these patients have a lesion in their artery which is anatomically suitable for an artery graft. The fact that senile obliterative arterial disease is a general process must never be lost sight of, the intermittent claudication or gangrene being purely a local manifestation, and the results of any local treatment will be governed by the general disease. For example, it is obviously a waste of time to graft a patient who gets intermittent claudication at 100 yards for him to be stopped after a successful operation by the worse pain of angina pectoris at 150 yards. There is also the ever-present risk of both coronary and cerebrovascular accidents in these patients. In practice this means that although 66 % of these patients are anatomically suitable for an artery graft, only 20 % or less will be benefited by such an operation.
The majority of patients with intermittent claudication or gangrene of the toes have a block in the superficial femoral or popliteal arteries, usually just at the point where the artery passes through the tendon of the adductor magnus muscle. Figs. 1 and 2 illustrate such a case and the post-operative result after insertion of an artery graft.
For efficient artery grafting it is essential to have an artery bank. Eastcott of St. Mary's Hospital with Hufnagel of Washington (1950 Washington ( , 1952 have developed a technique for the preservation of arteries by rapid freezing. This method is based on the well-known principles of food preservation and has the advantage that vessels can be stored for an indefinite period. We have used them after nine months but would be prepared to use them after several years. In brief, the technique consists in removing the arteries from a suitable donor who must have died within six hours and not have been suffering from a transmittable disease. In addition his arteries must have been macroscopically normal. The arteries are removed with full aseptic precautions as in a surgical operation and then placed in isotonic saline. The freezing is carried out in sterile pyrex tubes. The tube is then put into a freezing mixture consisting of alcohol and CO2 snow which has a temperature of -79°C. and it is left there for five minutes. After this the tube is transferred to the artery bank which is run at a temperature of -700 C. or less. This is achieved by having a deep-freeze in which is a container of CO snow, the CO snow being renewed every third day; this operation is the only maintenance reqiwred. The first frozen human artery bank to be installed anywhere in the world is at St. Mary Post-operatively we have studied the blood flow in some of these patients. Figs. 5 and 6 are plethysmograph studies in such patients. It will be noted in Fig. 5 that the foot blood-flow, which is primarily through the skin, shows a considerable hyperemia after the insertion of the graft. In Fig. 6 art6rial arrest. blood-flow, which is primarily a muscle blood flow, is shown. Here the important thing is to simulate the conditions which produce intermittent claudication. This is difficult to do as a direct measurement but the response to five minutes' arterial arrest is in many ways comparable. Fig. 6 shows the minimal response before operation and the reasonably satisfactory response after it.
Before concluding I would like to describe one case and then to sound a note of warning. The case was operated on just over a year ago and a graft inserted. Figs. 1 and 2 show his limb at that time. He returned to work and worked satisfactorily for just over six months. He then came up complaining that his symptoms had recurred and that in addition his great toe was going cold and black. An arteriogram showed a block in the femoral vessel just proximal to the area of the graft (Fig. 7) and he was developing early gangrene of the toe. At this stage we had really two alternatives: (1) to amputate his leg, or (2) to explore it and see if we could do anything further with local surgery. He was operated on and the host vessel was found to be blocked just proximal to the site of the graft. The area of thrombosis was resected and a new graft inserted, being anastomosed proximally to his host vessel and distally to the graft. Fig. 8 shows the post-operative arteriogram. His gangrene has now disappeared.
.,.. ,--7 . . The note of warning: I want this to take two forms, first to stress again that we are dealing here with a general disease-arteriosclerosis. These patients are liable to thrombose their arteries, particularly the coronaries, cerebrals and vessels of the same leg or the vessels of the opposite leg. Their prognosis as regards life is poor and any local operation can only have a local effect. I think a graft is justifiable in every case where the alternative is an above-knee amputation, in other words some suitable patients with early gangrene. In the case of intermittent claudication I am doubtful in the majority of cases but feel that there are a minority which will be benefited. The second note of warning is the question of the fate of the graft. Artery grafts do not live; they die and are replaced by the tissues of the host, merely acting as a scaffolding while this process of creeping substitution occurs. There appears to be little, if any, risk of aneurysm except after a technically imperfect operation and in man, as yet, there appears to be no added risk of thrombosis, but-we have not been using them for long and we may find that the late results are unsatisfactory.
Finally, I would like to say that coronary occlusion is a similar process to that occurring in the peripheral arteries. In animals one can anastomose an artery 3 mm. across with a reasonable prospect of success. There is no reason why in selected cases a coronary artery should not be grafted providing the cardiac function can be maintained during the operation. I think this advance is only just round the corner. The real problem will be the selection of patients, not the technical performance of the operation.
Mr. Frank Forty: I propose to confine my remarks on reconstructive arterial surgery to its use in the treatment of chronic peripheral arterial obliteration.
Let me first recall, however, that sympathetic denervation is our most generally effective remedy for the relief of ischaemia in endarteritis obliterans. Sympathectomy has given us a new orientation towards peripheral arterial disease with the acceptance of cases as surgical problems before the stage of gangrene. We are no longer satisfied to save the patient's life by timely amputation. We now aim not only to avoid amputation but also to restore useful function, and abolish pain in the limbs that we save.
Nevertheless, we cannot remain satisfied with the results of sympathetic surgery alone, for it is evident that the capacity of the collateral circulation, even when fully released from sympathetic control, is often insufficient to supply blood adequately for normal function. This is particularly true when an obliteration involves the level of the knee-joint, an area of skin and bone, where only scanty cutaneous collateral vessels exist to carry blood from the thigh to the leg.
Before trophic disturbances have supervened and when intermittent claudication is the only symptom, sympathectomy yields some 50 % of successes with only 10% ofamputations. But in cases with gangrene present the successes from sympathectomy fall to a mere 25 % with over 70% of eventual major amputations.
We therefore have the duty to examine the possibilities of restoring the blood flow through the main arteries-possibilities suggested in 1947 when, with the help of anticoagulants, Dos Santos first performed disobliteration by thrombo-endarteriectomy and by the impressive results of vessel grafting in many branches of vascular surgery.
A priori, however, we are faced by certain obvious limitations when we seek to apply these methods in cases of thrombo-angiitis and atheromatous endarteritis.
(1) The arteries concerned are of poor quality and small size, their calibre often further reduced by intimal thickening above and below the actual site of obstruction-factors which increase the technical difficulties of suture and favour subsequent thrombosis.
(2) The obliterations are often extensive and multiple.
(3) The disease is a general one and progressive in the majority of cases, predisposing to fatal coronary or cerebral vascular accidents.
If reconstructive arterial surgery is to succeed in the face of these and other obstacles, dexterous technique is essential and the utmost care must be taken to avoid sudden falls in blood pressure, hemorrhage, the formation of haematomas, and infection-all of which spell failure from secondary thrombosis if not worse disasters.
Most essential, however, is a thorough pre-operative evaluation of the general condition of the patient, of the state of the arterial tree, of the efficiency of the circulation, locally and generally, and an accurate determination of the site and extent of the obliteration and of the development of the collateral vessels.
Simple clinical methods suffice for estimation of the functional state of the circulation of the limb, but arteriography is indispensable for obtaining the precise knowledge of the pathological condition of the arteries necessary whenever reconstructive surgery is contemplated.
The arteriogram should include the whole limb and serial pictures are less liable to be erroneously interpreted than is a single exposure. Percutaneous puncture of the artery should be practised whenever possible, for this facilitates repeated examinations.
What do we require the arteriogram to tell us?
(1) The site of the obliteration.-Theoretically, any obliteration situated between the origin of the renal arteries and the bifurcation of the popliteal artery is technically amenable to reconstructive surgery. Below the popliteal, the arteries are too small and too difficult of access.
The larger the artery the easier will be the operation and the wider the lumen and the more powerful the current of blood within it, the less will be the chances of post-operative thrombosis.
(2) The extent ofthe obliteration.-This is to some extent a guide in choosing between disobliteration and grafting. A short segment of a few centimetres can be more easily and rapidly disobliterated than it can be grafted and with equally good chances of remaining patent.
The reverse is probably true in the case of very extensive obliterations. (3) The origin of important collaterals from the obliterated segment.-Where this occurs, the indications will be for disobliteration, thereby restoring the collaterals to the circulation-instead of permanently sacrificing them by the performance of a graft, on the continued patency of which all will then be staked.
(4) The state of the arterial wall above and below the obliteration.-A wide lumen with a smooth outline indicates a healthy vessel wall transmitting a swiftly flowing current. Such an artery will be favourable for efficient suturing and will be least prone to post-operative thrombosis. An irregular, Arteriography demonstrated that in approximately one-third of the cases in Stages 2 and 3, the anatomical site of the obliteration, or the multiplicity of the lesions made it impossible to attempt any kind of reconstructive operation. There remained 41 cases, of which 30 were unsuitable for reconstructive surgery on account of one or other of the contra-indications which I have already referred to. Only 11 cases therefore fulfilled all, the criteria for successful reconstructive surgery. On these patients I performed 10 disobliterations and one replacement with an autogenous saphenous-vein graft.
The technique of Disobliterative Endarteriectomy was fully described by Reboul and illustrated by a film at a mrreeting of the Clinical Section in March 1950 (Reboul and Laubry, 1950) (Fig. 1) .
I need therefore only recall the salient points:
(1) The incision must be long enough to expose the whole extent of the obliterated artery and a few extra centimetres at each end to allow comfortable clamping. Haemostasis must be meticulous.
(2) The superficial aspect of the artery must be thoroughly cleaned-but the posterior aspect is not disturbed except where important collaterals have to be secured to control bleeding when their orifices are disobliterated.
(3) After making a small longitudinal incision into the arterial wall a plane of cleavage is sought and usually found without difficulty. This separates the inner coat which is necrosed and adherent to the contained thrombus-and which Bazy likened to a sequestrum-from the living outer coats of the artery. In different cases this plane of cleavage may occur either between the intima and the internal elastic lamina, through the media or between the media and the external elastic lamina. The incision in the arterial wall is now progressively extended over the whole length of the obliteration and the endarteriectomy completed by blunt dissection. When the limits of the thrombus have been passed the tube of endothelium is sectioned at each end and the occurrence of free bleeding from both directions is verified. are seen to distend and pulsate. Additional interrupted sutures may be required to stop leaks at one or two points.
(5) The wound is closed with a drain. Fig. 2 shows representative pre-and post-operative arteriograms together with the operation specimen.
A special word must be said with regard to the use of heparin. It was its discovery which gave the idea to Dos Santos that disobliteration might be attempted with success. Many of the failures have, however, been due to excessive administration of heparin resulting in fatal post-operative hemorrhage, cerebral or coronary thromboses from fall in blood pressure, or large local haematomata with subsequent infection which have led to re-thrombosis of the artery.
Unfortunately variations in sensitivity to heparin between different persons and in the same person from time t, time preclude any hard and fast rules governing dosage.
After some unpleasant experiences I have adopted the following plan:
(1) Heparin is applied locally to the artery throughout the stage of suture and a small quantity given intra-arterially as this is completed.
(2) Post-operatively heparin is given intravenously in divided doses not exceeding 50 mg., and only after the clotting time has been measured on a vaselined glass slide.
(3) The aim is to keep the clotting time lengthened to about fifteen minute& Here is the record of a case which illustrates the capricious response of the clotting time to three successive administrations of 50 mg. of heparin (Fig. 3) . Even more promising, however, is a judicious appreciation of the indications and contra-indications according to the stage of the disease and the exact anatomical and pathological condition of the arteries, above and below as well as at the site of the obliteration.
The method employed must be carefully chosen to suit the particular case-vasodilatation, by sympathectomy or otherwise, disobliteration and grafting, either alone, or in combination, according to the needs of each individual patient.
(I am indebted to Miss M. H. Shaw for the photographs.)
